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M
uC

ool-related talks at this R
eview

:

T
his afternoon:

M
U

C
O

O
L

 O
verview

 and Plans  
K

aplan  
30’

N
C

R
F R

&
D

 Program
 and Plans  

L
i  

30’

R
F B

ackground Studies and Plans  
T

orun  
15’

IC
A

R
 Program

 O
verview

 and Plans  
M

orrison  
10’

L
H

2 A
bsorber Program

 and Plans  
C

um
m

ings 
25’

C
ooling C

hannel Instrum
entation  

E
rrede  

10’

T
om

orrow
:

M
IC

E
 O

verview
 and A

pproach  
B

londel  
45’

M
IC

E
 T

echnical U
pdate and R

A
L

 Plans  
D

rum
m

  
30’



O
utline of this talk:

1.
M

uC
ool C

ollaboration and M
ission

2.
H

igh-gradient norm
al-conducting R

F R
&

D

3.
H

igh-pow
er L

H
2 -absorber R

&
D

4.
G

aseous-absorber option

5.
M

uC
ool T

est A
rea

6.
D

etector R
&

D

7.
Sim

ulations

8.
Support for M

IC
E

9.
Plans

10.Sum
m

ary



Iow
a

Fairfield

M
uC

ool C
ollaboration

18 institutions from
 U

S
, E

urope, and Japan:

M
ission:

• D
esign, prototype, &

 bench-test all cooling-channel com
ponents

• M
ake an engineering beam

 test of a cooling section
• Support cooling dem

onstration in m
uon beam

 (M
IC

E
)

U
niv. C

hicago

L
B

N
L

U
niv. M

ississi ppi

B
eam

 D
iagnostics

A
N

L
FN

A
L

IIT

U
niv. C

hicago

N
IU

U
IU

C
U

niv. M
ississippi

U
niv. O

saka
U

niv. O
xford

Solenoids
L

B
N

L

IIT

L
B

N
L

U
C

L
A

U
niv. M

ississippi

U
C

R

JL
ab

N
IU

Princeton

IIT
K

E
K

FN
A

L
FN

A
L

IIT
B

N
L

A
N

L
FN

A
L

A
N

L
R

F D
evelopm

ent
A

bsorber R
&

D
C

ooling E
xperim

ent



M
uC

ool O
rganization

A
cting Spokesperson:

D
an K

aplan
*

B
N

L
 C

ontact:
R

ick F
ernow

L
B

N
L

 C
ontact:

D
erun L

i

*R
eplacem

ent for Steve G
eer (follow

ing his election as M
uon C

ollaboration co-spokesperson) until a
  successor can be nam

ed

R
&

D
 C

oordinators:

R
F:

D
. L

i, L
B

N
L

A
. M

oretti, FN
A

L

A
bsorbers:

M
. A

. C
um

m
ings, N

IU

C
avity D

iagnostics:
Y

. T
orun, IIT

M
uC

ool T
est A

rea:
M

. Popovic, FN
A

L

W
ebsite:

http://w
w

w
.fnal.gov/projects/m

uon_collider/cool/cool.htm
l



M
uC

ool R
&

D
 P

rojects &
 F

acilities

•
T

est facilities for the above:
–

FN
A

L
 L

ab G
–

FN
A

L
 M

uC
ool T

est A
rea

•
Sim

ulation studies in support of cooling R
&

D

2.75m
 SFO

FO
 C

ooling L
attice

•  H
igh-gradient norm

al-conducting R
F

•  H
igh-pow

er L
H

2 absorbers



K
ey R

&
D

 Issues

1.
C

an N
C

R
F cavities be built that provide the required accelerating gradients,

operating in m
ulti-tesla fields?

2.
C

an the heat from
 dE

/dx losses be adequately rem
oved from

 the absorbers?

3.
C

an the channel be engineered w
ith an acceptably low

 thickness of non-
absorber m

aterial (absorber, R
F, &

 safety w
indow

s) in the aperture?

4.
C

an the channel be designed &
 engineered to be cost effective?



H
igh-G

radient-R
F

-C
avity R

&
D

A
N

L / F
N

A
L / IIT

 / LB
N

L / U
M

iss
•

G
oal:

201-M
H

z C
u cavity w

ith >
 15-M

V
/m

 on-axis accelerating gradient, operable in
few

-T
 solenoidal m

agnetic field
–

B
ut rapid progress easier w

ith sm
aller-scale prototypes →

 initial tests at 805 M
H

z
–

Pillbox cavity (cells closed w
ith conducting w

indow
s) can save ≈ 50%

 in peak pow
er

–
O

pen-cell tests w
ere Ph.D

. project of U
. C

incinnati student V
. W

u (now
 on FN

A
L

 staff)

D
uring bake-out 

last w
inter at 

L
B

L
 (now

 under 
high-pow

er test 
in L

ab G
)

C
losed-cell 

805-M
H

z 
prototype 

 O
pen-cell 805-M

H
z prototype under high-pow

er 
    test in L

ab G
 superconducting solenoid     



805-M
H

z C
avity E

m
ission Studies

A
N

L / F
N

A
L / IIT

•
Studies w

ith open-cell cavity in 2001
reached 54 M

V
/m

 surface field (25
M

V
/m

 on-axis accelerating gradient)
–

R
evealed large dark current, enhanced by

solenoidal B
 field

–
E

m
issions from

 sparks m
elted plexiglas and

titanium
 w

indow
s

–
Paper subm

itted to Phys. R
ev. ST

 A
B

•
T

ests now
 in progress w

ith closed-cell
prototype →

 E
surf  ≈ E

acc

–
1st tests w

ith C
u w

indow
s, B

 =
 0 →

 easy
conditioning to 34 M

V
/m

 (allaying
m

ultipactor concern)

–
W

ith B
 =

 2.5 T
, conditioning harder, large

dark currents

–
N

ow
 em

barking on studies of surface treatm
ent

→
See L

i, T
orun talks

•
T

iN
-coated B

e w
indow

s installed last m
onth

•
M

IC
E

: E
acc  ≤ 8 M

V
/m

 ⇒
 bkg rate m

anageable



T
ube G

rid D
esign Studies

LB
N

L / F
N

A
L / IIT

•
T

o handle R
F heat load w

ith large (≈20-cm
-radius) iris w

ithout buckling,
B

e w
indow

s need to be quite thick (>
 1 m

m
)

•
G

rids of gas-cooled A
l tubing m

ight be thinner (in rad. len.) &
 cheaper

•
Finite-elem

ent-analysis studies in progress at L
B

N
L

, IIT
–

T
hesis project for IIT

 M
echanical E

ngineering Ph.D
. student M

. A
lsharo’a under

M
oretti’s direction

–
C

urrent goal: find m
anufacturable grid configuration w

ith m
anageable field

enhancem
ent factor at tube surface (w

ork in progress)

4x4 grid of 0.5-cm
 x &

 y tubes
field enhancem

ent =
 3.6

4x4 “w
affle” grid of 1-cm

 tubes
field enhancem

ent =
 1.8



201-M
H

z D
esign W

ork
A

. Ladran, D
. Li, R

. R
im

m
er (now

 at JLab), LB
N

L

•
B

oth electrical and m
echanical design essentially com

plete:

•
N

ow
 ready for prototyping

–
held up this year for lack of funds



A
bsorber R

&
D

•
2D

 transverse-cooling rate:

d

dz
E

dEdz
E

m
L

x
N

x
N

R

ε

β

ε
β

β
µ

,
,

(
.

)
≈
−

+
⊥

1
0

014
2

2

2

3

G
eV

⇒
A

bsorber m
aterial com

parison:

    T
ransverse cooling m

erit factor ∝
(

/
)

L
dE

dx
R

2

•
H

ydrogen is best m
aterial by factor >~  2

(...all other things being equal, e.g., neglecting effect of containm
ent w

indow
s)

C
om

petition betw
een energy loss

and C
oulom

b scattering



A
bsorber P

ow
er H

andling
•

N
eed to handle 100s of w

atts per absorber in Study-II scenario
→

~ kW
 w

ith m
ore am

bitious Proton D
river (4 M

W
 instead of 1 M

W
)

 
and/or N

euffer phase rotation (keeps both µ
+ and µ

– sim
ultaneously)

→
~ 10 kW

 in ring cooler w
ith ≈10 passes

–
State of the art is several hundred W

 in e.g. SL
A

C
 E

-158 L
H

2  target

•
T

w
o possible solutions being pursued:

•
Pow

er-handling lim
it yet to be established for either approach

A
rray of 

heating w
ires

IIT
/N

IU
: Forced-flow

 absorber
w

ith external cooling loop
K

E
K

/O
saka: C

onvection-cooled
absorber w

ith internal heat exchanger



P
rogress in A

bsorber W
indow

s: 1
IIT

 / N
IU

 / O
xford / U

M
iss

•
T

o avoid com
prom

ising hydrogen’s low
 C

oulom
b scattering, need

containm
ent w

indow
s as thin as possible:

3 iterations of absorber w
indow

 design:

A
b
s
o
rb
e
r

w
in
d
o
w

V
acu

u
m

w
in
d
o
w

E
stablished need

for containm
ent

vacuum
 surrounding

absorber, to satisfy
safety guidelines

W
ith

 "in
flected

" w
in

d
o

w
s

&
 m

o
d

ern
 A

l allo
ys,

m
erit facto

r can
 b

e as h
ig

h
 as ≈ 0.8

D
eveloped non-contact “photogram

m
etry” for

w
indow

 m
easurem

ent and certification 

W
indow

s m
achined w

/ integral 
flange out of single disk of A

l alloy



P
rogress in A

bsorber W
indow

s: 2
•

FN
A

L
 requirem

ent for nonstandard L
H

2  containm
ent w

indow
s:

–
Series of 4 w

indow
s m

ust be destructively pressure-tested

•
T

his w
as carried out for w

indow
s of the “1st-iteration” design:

•
R

eliability of photogram
m

etry established
–

G
ood agreem

ent w
/ FE

A
 predictions

–
G

ood agreem
ent w

/ strain-gage data

–
G

ood agreem
ent w

/ C
M

M
 data

–
G

ood agreem
ent w

/ m
icrom

eter m
easurem

ents

→
See C

um
m

ings &
 E

rrede talks



G
aseous A

bsorber?
R

. Johnson et al., M
uons, Inc. / F

N
A

L / IIT

•
Idea: w

hy not elim
inate (alm

ost) all the w
indow

s?

–
C

ooling channel becom
es series of R

F cavities (in suitable focusing field) filled w
ith

high-pressure gaseous H
2 , protected against breakdow

n by the Paschen effect:

•
C

ould lead to higher-perform
ance, shorter, cheaper cooling channel w

ith
higher-gradient R

F cavities

•  W
ith low

-tem
p operation, could take advantage of reduced C

u resistivity



C
urrent Status

•
M

uons, Inc. form
ed, Phase I ST

T
R

 funding obtained from
 D

O
E

 ($100k)
–

G
oal: B

uild a test cell and use it at FN
A

L
 L

ab G
 to m

easure the Paschen curve
(breakdow

n voltage vs. pressure) of helium
 (at least) at 805 M

H
z at 80K

 over m
any-

atm
osphere range in P

–
A

fter som
e w

ork, solutions found for high-pressure seals

805-M
H

z test cell designed
A

ssem
bly in progress

•  N
ow

 seeking safety approval for high-pressure test-cell operation

•  ST
T

R
 proposals in preparation for other possible applications of 

    high-pressure R
F cavities



M
uC

ool T
est A

rea

•
N

eed facility in w
hich to test

–
absorbers

–
R

F cavities
–

solenoids

•
Show

 that cooling cell is
operable in an intense beam
(engineering test, not cooling dem

o)

•
∃ convenient location:
end of L

inac has
–

sufficient space
–

201 &
 805 M

H
z R

F pow
er sources (L

inac R
F test stands)

–
400 M

eV
 beam

 up to 2.4×10
14 p/s →

 570 W
 in 35-cm

 L
H

2  absorber (higher at low
er E

)

B
eam

d
u

m
p

D
evice 

under test

D
efocus

quads
R

efocus
quads

(A
rtist's conception)



M
T

A
 C

urrent Status
D

em
olition of existing access ram

p and w
alls:

N
ext: excavation begins...

•
H

ope for beneficial occupancy ≈Fall ’03

•
Install L

H
2  cryo &

 201-M
H

z R
F pow

er in FY
04 (if funding perm

its)



D
etector R

&
D

•
Fast-tim

ing detector: A
 B

ross (F
N

A
L) et al.

–
σ
t  =

 6.5 ps dem
onstrated! PC

 stability needs m
ore w

ork – $0 in FY
02 →

 slow
 progress

•
B

olom
etric beam

-profile m
onitor: K

. H
offm

an (U
 of C

) et al.

–
Principle: m

uon-beam
 heat deposition changes resistivity of a film

 deposited e.g. on
absorber w

indow
–

Slow
 signal im

m
une from

 R
F noise

B
eam

 test in progress at A
N

L
 in 20-M

eV
 electron beam



M
uC

ool Sim
ulations

•
Q

uadrupole-focused cooling channel:
D

. E
rrede (U

IU
C

), C
. Johnstone (F

N
A

L),
M

. B
erz (M

S
U

) et al.

–
Q

uads can be m
ore cost-effective at large

β
⊥  values appropriate at start of cooling

–
M

ight be com
patible w

ith SC
 R

F,
reducing R

F pow
er cost

•
G

eant Study-II sim
ulation w

ith realistic w
indow

s: Y
. T

orun, T
. R

oberts (IIT
)

–
1st study confirm

ed that “iteration 2” w
indow

 design w
as im

provem
ent over Study-II

perform
ance (not obvious →

 w
indow

 w
as thinner at center but m

uch thicker at edges)
–

C
ode im

provem
ents in progress (speed, usability)

–
R

esult im
m

inent w
ith “iteration 3” design including vacuum

 w
indow

s

•
M

IC
E

 G
eant sim

ulation:
–

IIT
’s Y

. T
orun serves as M

IC
E

 co-team
 leader for sim

ulations
(as w

ell as W
ebm

aster and Steering G
roup Secretary)

–
D

eveloped G
eant4 fram

ew
ork and coordinated contributions from

 other collaborators



M
uC

ool support for M
IC

E

•
C

ooling dem
onstration too am

bitious for any one of w
orld’s regions

⇒
 M

uT
A

C
 advised seeking int’l participation

–
Strong interest in cooling exp’t in E

U
, U

K
, Japan as w

ell as U
S

→
 see B

londel, D
rum

m
 talks

–
A

ttitude of funding agencies T
B

D

•
M

uC
ool C

ollaboration is providing to M
IC

E
–

concept developm
ent (M

IC
E

 based on Study-II cooling channel)

–
engineering integration

–
sim

ulations

–
R

F cavity developm
ent &

 testing

–
absorber developm

ent &
 testing

–
fast-tim

ing detector (w
ill perm

it detailed exploration of longitudinal phase space)

•
H

ow
 to draw

 the line betw
een M

uC
ool &

 M
IC

E
:

–
M

uC
ool w

ill prototype &
 test each piece of cooling hardw

are, including M
IC

E
 pieces

for w
hich w

e are responsible
–

“Production” units for M
IC

E
 w

ill be built w
ith M

IC
E

 funds

•
M

uC
ool engineering &

 high-intensity tests fully com
plem

entary to M
IC

E
“one m

uon at a tim
e” cooling dem

o →
 both are essential!



P
lans

•
C

ontinue 805-M
H

z tests to determ
ine how

 best to m
inim

ize dark current &
breakdow

n

•
Finish M

T
A

 construction in FY
03

•
Start building 1st 201-M

H
z cavity prototype in FY

03

•
Install M

T
A

 absorber cryo support and/or 201-M
H

z R
F in FY

04 as funding
perm

its
–

C
arry out 1st test of absorber w

ith L
H

2  fill
–

C
arry out 1st test of 201-M

H
z cavity

–
T

est absorber in dark-current flux from
 cavity

•
B

uild coupling-coil prototype (surrounds R
F cavities) w

hen funding
available (FY

05?)

•
Install 400-M

eV
 p beam

line from
 L

inac w
hen funding available (FY

05?)
–

T
est absorber pow

er-handling capability
–

T
est cavity in solenoid irradiated by intense beam

–
T

est com
plete set of integrated cooling elem

ents in intense beam



Sum
m

ary

•
C

ontinued progress developing com
ponents for a cooling channel (slow

ed
but not stopped by FY

03 D
O

E
 funding cut)

•
O

ngoing 805 M
H

z R
F R

&
D

 program
 developing techniques required for

low
-dark-current, high-gradient N

C
R

F cavities operable at high B

•
H

ealthy progress developing L
H

2  absorbers w
ith thin w

indow
s (largely

funded by State of Illinois via IC
A

R
)

•
M

uC
ool T

est A
rea under construction

•
C

ontributed to M
IC

E
 T

echnical Proposal and M
IC

E
 N

SF proposal

•
O

pportunities for Ph.D
. and M

.S. students in beam
 physics &

 engineering

–
already 1 Ph.D

. &
 1 M

.S. com
pleted, 1 Ph.D

. in progress

•
B

enefiting from
 international collaboration

–
Japan contribution to absorbers

–
U

K
 contribution to absorber w

indow
s

–
C

ooling experim
ent proceeding via international M

IC
E

 C
ollaboration

•
R

ate of continued progress w
ill depend on budgets in FY

04 and beyond




